Highlight
The effect of inorganic nitrogen and phosphorus fertilizers on the seedling vigor of two important but dissimilar grass species, Lolium multiflorum and Oryzopsis miliacea is reported.
There was significant reduction in seedling growth at high concentrations of NH,NO, + NH,H,PO, but with NH,NO, alone the high concentrations neither increased nor decreased seedling growth. Nitrogen uptake of seedlings increased as the level of nitrogen increased. Rapid depletion of endosperm starch and low concentrations of total sugars and reducing sugars in seedlings were associated with the high levels of nitrogen fertilization.
In pasture and range seedings it is often recommended to band-fertilize with moderate amounts of nitrogen fertilizer.
Under this condition, high concentrations of nitrogen or other fertilizer salts can easily develop around the seedlings. The question arises therefore as to whether such concentrations might be unfavorable during the early seedling stage of some grass species. Does nitrogen increase seedling vigor during the nonphotosynthetic stage of development and what is the relationship of external nitrogen to the utilization of carbohydrate reserves in grass seeds? These questions invited investigations and are discussed in this report.
Most of the factors in seedling vigor were recently reviewed by Whalley et al. (1966) . In particular, the amount and nature of food reserves in the seed were found to influence seedling performance. Nadvornik (1927) found that germination percentage and seedling vigor of ryegrass increased for large seeds within a species. Blaser et al. (1956) noted that nitrogen fertilizers increased the aggressiveness of orchardgrass seedlings relative to alfalfa in spring seedings. Yemm and Willis (1956) showed that when barley plants were supplied with ammonium, nitrite, or nitrate nitrogen sources, the synthesis of amino acids and amides was closely associated with high rates of respiration and rapid loss of carbohydrates from the tissues. 
Materials and Methods

Results
Experiment 1
Seedlings of Italian ryegrass were significantly heavier and longer than those of smilo at all 5 levels of NH4N03 + NH,H2P0, (Fig. 1) . Fertilizer concentrations from 0 NP to 0.5 NP were found to increase significantly seedling growth of ryegrass, but fertilizer levels greater than the 0.5 NP did not cause further increases in seedling growth.
Growth of smilo seedlings, on the other hand, was obviously hampered by fertilizer levels of 0.5 NP, 1 NP and 2 NP. In both species good growth of seedlings was obtained with low concentrations of nitrogen and phosphorus, but high levels of fertilizer significantly inhibited root growth.
The fertilizer-treated seedlings of ryegrass began to increase in nitrogen content about the third day after radicle emergence.
On the contrary, smilo did not increase in nitrogen content as Nitrogen uptake of ryegrass, 4 days after radicle emergence, was 17.1, and 11 .O pg/seedling, respectively for the 0.5 NP, and 2 NP concentrations.
Conversely, uptake of nitrogen by smilo whole seedlings was not significant.
Experiment
2
Seedling growth in this experiment was less affected by high fertilizer concentrations than in Experiment 1 (Fig. 2) . Two points are apparent. First, root growth of ryegrass was not inhibited by the high levels of N in the absence of P; second, both top and root growth of smilo were as long at the 1 N as at the 2 N concentration of N. In Experiment 1 the higher concentrations of N + P resulted in shorter seedlings.
Seedling N content increased as growth progressed for 6 days in both species (Table 1) . Seedlings of each species doubled their original N content but the absolute increase in N content was greater in ryegrass (12.7, 20.5, 22 .1 pg/seedling) than in smilo (7.2, 13.5, and 13.2 pg/seedling, respectively for the 0 N, 0.5 N or 2 N levels). While the N content of the seedlings increased with the advancement in growth, the N content of endosperm-seed remains was found to decrease in both ryegrass and smilo. These decreases were uniform across all treatments and apparently not affected by increased concentrations of N fertilizer. Six days after radicle emergence the original EARLY SEEDLING GROWTH 31 starch content in ryegrass seedlings had decreased about 76, 87, and 89% for the 0 N, 0.5 N and 2 N concentrations, respectively ( Table  2 ). The corresponding decrease in starch content of smilo seedlings was 78, 83, and 90%. Total sugars and reducing sugars increased with the decrease in starch content of both ryegrass and smilo.
However, these increases in sugars were much smaller in the high N treatments than in the 0 N treatment. Discussion Increasing concentrations of NP apparently cause greater reductions in seedling growth than N alone for both species. Root growth of ryegrass appears to be more affected than smile by high levels of fertility since ryegrass roots were only half as long in the 2 NP treatment as in the control. Nitrogen alone in increasing concentrations does not produce the beneficial effect of increased seedling growth as is normally observed when applied at later stages of plant development.
Generally, there appears to be no greater top or root growth of either species at the highest level of fertility than at the 0 level.
The possibility that the high fertilizer concentrations might be producing an adverse osmotic effect was considered.
To test this possibility a small study was conducted using varying concentrations of manitol in germination dishes with the two species. No reduction in growth of seedlings was noted even though osmotic concentrations were over two times as high as those of the NP and N treatment concentrations. Thus, any adverse osmotic effect on seedling growth from the fertilizer treatments can be ruled out.
In the absence of growth reduction or promotion by the fertilizer concentrations in Experiment 2 there were other indications of modified plant response. The increased accumulation of nitrogen, rapid conversion of starch, and reduced levels of total and reducing sugars all appear to be associated with the higher levels of fertility. The recent work of Naylor (1966) , in which he reported that the synthesis of a-amylase could be induced by supplying either gibberellic acid or a mixture of amino acids and sugars, appears pertinent to the observations made in this study that high fertilizer levels can cause an increase in starch hydrolysis.
Inasmuch as the reduced levels of starch, total sugars, and reducing sugars occurred without a corresponding increase in seedling growth, it appears that the high levels of N or of NP increased the rate of respiration at the expense of growth processes. In both experiments ryegrass had a high toproot ratio when given additional fertilization. In contrast, smilo seedlings always had a low top/root ratio regardless of the level of fertility.
Once the seedling is established rapid top growth is an advantage to the plant in terms of competition with other plants. However, increased top growth during the nonphotosynthetic stage of seedling 
